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Applicant or Patentee: 
Attorney's Docket No.: 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (3 7 CFR 1.9 ((f) and 1.2 7 (b) ) - INDEPENDENT INVENTOR 

As a below named inventor, I hereby declare that I qualify as an 
independent inventor as defined in 37 CFR 1.9(c) for purposes of 
paying reduced fees under Section 41(a) and (b) of Title 35, United 
States Code, to the Patent and Trademark Office with regard to the 
invention entitled Method And Apparatus For Circumf erential 
Application of Materials To An Interior Surface Of A Curved Pipe 
described in 

(xx) the specification filed herewith 

( ) application serial no. , filed 

( ) patent no. , issued 

I have not assigned, granted, conveyed or licensed and am under no 
obligation under contract or law to assign, grant, convey or 
license, any rights in the invention to any person who could not be 
classified as an independent inventor under 37 CFR 1.9(c) if that 
person had made the invention, or to any concern which would not 
qualify as a small business concern under 37 CFR 1.9(d) or a 
nonprofit organization under 37 CFR 1.9(e). 

Each person, concern or organization to which I have assigned, 
granted, conveyed, or licensed or am under an obligation under 
contract or law to assign, grant, convey, or license any rights in 
the invention is listed below: 
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(xx) persons, concerns or organizations listed below* 

*NOTE: Separate verified statements are required from 
each named person, concern or organization having rights 
to the invention averring to their status as small 
entities. (37 CFR 1.27) 

FULL NAME: Almac Machine Works Ltd. 

ADDRESS: 9624 - 35 Avenue, Edmonton, Alberta, T6E 5S3, Canada 

( ) INDIVIDUAL (xx) SMALL BUSINESS CONCERN ( ) NONPROFIT 
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notification of any change in status resulting in loss of 
entitlement to small entity status prior to paying, or at the time 
of paying, the earliest of the issue fee or any maintenance fee due 
after the date on which status as a small entity is no longer 
appropriate. (37 CFR 1.2 8(b)) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements 
were made with the knowledge that wilful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
section 1001 of Title 18 of the United States Code, and that such 
wilful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which 
this verified statement is directed. 
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Attorney's Docket No.: 
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For: 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) and 1.27(c)) - SMALL BUSINESS CONCERN 
I hereby declare that I am 

[ ] the owner of the small business concern identified below: 
[x] an official of the small business concern empowered to 
act on behalf of the concern identified below: 

FULL NAME OF CONCERN: Almac Machine Works Ltd. 

ADDRESS: 9624 - 35 Avenue, Edmonton, Alberta, T6E 5S3, Canada 

I hereby declare that the above identified small business concern 
qualifies as a small business concern as defined in 13 CFR 
121.3-18, and reproduced in 37 CFR 1.9(d), for purposes of paying 
reduced fees under section 41(a) and (b) of Title 35, United States 
Code, in that the number of employees of the concern, including 
those of its affiliates, does not exceed 500 persons. For purposes 
of this statement, (1) the number of employees of the business 
concern is the average over the previous fiscal year of the concern 
of the persons employed on a full-time, part-time or temporary 
basis during each of the pay periods of the fiscal year, and (2) 
concerns are affiliates of each other when either, directly or 
indirectly, one concern controls or has the power to control the 
other, or a third party or parties controls or has the power to 
control both. 

I hereby declare that rights under contract or law have been 
conveyed to and remain with the small business concern identified 
above with regard to the invention, entitled Method And Apparatus 
For Circumferential Application of Materials To An Interior Surface 
Of A Curved Pipe by inventors Fred Harmat and Graeme Van Dongen 
described in 

[x] the specification filed herewith 
[ ] application serial no. 

, filed 

[ ] patent no. , issued 



If the rights held by the above identified small business concern 
are not exclusive, each individual, concern or organization having 
rights to the invention is listed below* and no rights to the 
invention are held to any person, other than the inventor, who 
could not qualify as a small business concern under 37 CFR 1.9(d) 
or by any concern which would not qualify as a small business 
concern under 37 CFR 1.9(d) or a nonprofit organization under 37 
CFR 1.9(e) . *NOTE: Separate verified statements are required from 
each named person, concern or organization having rights to the 
invention averring to their status as small entities. (3 7 CFR 
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I acknowledge the duty to file, in this application or patent, 
notification of any change in status resulting in loss of 
entitlement to small entity status prior to paying, or at the time 
of paying, the earliest of the issue fee or any maintenance fee due 
after the date on which status as a small entity is no longer 
appropriate. (3 7 CFR 1.2 8(b)) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
section 1001 of Title 18 of the United States Code, and that such 
willful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which 
this verified statement is directed. 

NAME OF PERSON SIGNING: Rollin Donald Marcotte 
TITLE OF PERSON OTHER THAN OWNER: President 

ADDRESS OF PERSON SIGNING: 11503 - 13 Avenue, Edmonton, Alberta, 
T6J 7 A3, Canada 
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TITLE OF THE INVENTION: 

Method And Apparatus For Circumferential Application Of 
Materials To An Interior Surface Of A Curved Pipe 

5 NAME (S) OF INVENTOR(S): 

Fred Harmat 
Graeme Van Dongen 

FIELD OF THE INVENTION 

10 The present invention relates to a method and an apparatus 

for circumferential application of materials to an interior 
surface of a curved pipe 

BACKGROUND OF THE INVENTION 

15 There are various applications in which a circumferential 

application of materials to an interior surface of a pipe is 
preferred. For example, circumferential welding of overlay 
materials to an interior surface of a pipe is preferred, as 
fluids tend to flow along longitudinal welds and accelerate 

2 0 wear. It is relatively easy to circumf erentially weld a 

section of straight pipe. When the section of pipe is curved, 
positioning a circumferential weld along the interior surface 
of the pipe becomes extremely difficult. 

25 At the present time there is no cost effective method for 

positioning a circumferential weld along the interior - surf ace 
of a curved section of pipe. Welds are, therefore, positioned 
longitudinally. In addition to accelerated wear, fit problems 
have been encountered due to differences in shrinkage between 

3 0 straight sections of pipe welded circumf erentially and curved 

sections of pipe welded longitudinally. 

SUMMARY OF THE INVENTION 

What is required is a method and an apparatus for 
35 circumferential application of materials to an interior surface 
of a curved pipe. 
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According to one aspect of the present invention there is 
provided a method for circumferential application of materials 
to an interior surface of a curved pipe which includes the 
following steps. A pipe support is provided with a rotational 
5 axis. A curved section of pipe is mounted to the pipe support. 
A arm supporting an applicator head is positioned within the 
curved section of pipe. The pipe support is rotated about the 
rotational axis, while coordinating movement of the arm to 
maintain the applicator head in a working position within the 
10 curved section of pipe. 

Although beneficial results may be obtained through the 
method, as described above, even more beneficial results may 
be obtained when the further step is taken of varying the 
15 rotational speed of the pipe support to control the rate of 
application or deposition of materials being applied. 

Although beneficial results may be obtained through the 
use of the method, as described above, even more beneficial 

2 0 results may be obtained when the further step is taken of 

oscillating the applicator head and varying the oscillciting 
amplitude of the applicator head to compensate for differences, 
in length of curvature of the pipe. 

25 According to another aspect of the invention there is 

provided an apparatus for circumferential application of 
materials to an interior surface of a curved pipe which 
includes a base and a pipe support mounted to the basei for 
rotation about a rotational axis. The pipe support has a 

3 0 cavity adapted to receive a curved section of pipe. An arm 

extends into the cavity of the pipe support. An applicator 
head is mounted to the arm. A rotational drive is provided 
which is adapted to rotate the pipe support about the 
rotational axis. A controller is provided which is adapted to 
3 5 coordinate movement of the arm with the rotational positioning 
of the pipe support . 
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Although beneficial results may be obtained through the 
use of the apparatus, as described above, even more beneficial 
results may be obtained when the controller also coordinates 
the position of the applicator head with the rotational 
5 positioning of the pipe support. There are various ways to 
control the position of the applicator head there will 
hereinafter be further described a linkage which extends 
through the arm to the applicator head. The flexible linkage 
is adapted to control orientation of the applicator head. 

10 

Although beneficial results may be obtained through the 
use of the apparatus, as described above, even more beneficial 
results may be obtained when the pipe support includes . 
longitudinal guides and a guidance source adapted to move a 
15 curved section of pipe along the longitudinal guides. It is 
difficult to coordinate this movement with the pipe support 
rotating. There will hereinafter be described a longitudinal 
guidance source which applies a linear pulling force and 
longitudinal guides which provide an arcuate guide path to 

2 0 compensate for the curvature of the pipe. 

Although beneficial results may be obtained through the 
apparatus, as described above, even more beneficial results may 
be obtained when the applicator head oscillates and the 
25 amplitude of oscillation is variable. This allows the 
applicator head to compensate for differences in the length of 
curvature of the pipe. There will hereinafter be further 
described an oscillation control mechanism in which such 
oscillations are controlled by a movable sensor oscillating 

3 0 between a pair of angularly offset rotating swash plates 

carried by the rotating pipe support. The movable sensor has 
a master to slave relationship with an oscillating drive for 
the applicator head. 

3 5 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention will become more 
apparent from the following description in which reference is 



made to the appended drawings, wherein: 

FIGURE 1 is a side view, in section, of an apparatus for 
circumferential application of materials to an interior surface 
of a curved pipe with a curved pipe in position to be mounted 
5 onto the pipe support . 

FIGURE 2 is a side view in section of the apparatus for 
circumferential application of materials to an interior surface 
of the curved pipe shown in FIGURE 1, with the curved pipe in 
position for starting circumferential welding of overlay 
10 materials to the interior surface of the curved pipe. 

FIGURE 3 is a side view in section of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, in the process 
of circumferential welding of overlay materials to an interior 
15 surface of the curved pipe. 

FIGURE 4 is a side view in section of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, at the completion 
of circumferential welding of overlay materials to an interior 
20 surface of the curved pipe. 

FIGURE 5 is an end view of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, with the welding 
head in position for starting circumferential welding of 
25 overlay materials to the interior surface of the curved pipe 
as shown in FIGURE 2 . * 

FIGURE 6 is an end view of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, with the welding 
3 0 head welding overlay materials to the interior surface of the 
curved pipe and the pipe support having been rotated 4 5 degrees 
from the starting position shown in FIGURE 5. 

FIGURE 7 is an end view of the apparatus for 
circumferential application of materials to the interior 
35 surface of the curved pipe shown in FIGURE 1, with the welding 
head welding overlay materials to the interior surface of the 
curved pipe and the pipe support having been rotated 90 degrees 



from the starting position shown in FIGURE 5. 

FIGURE 8 is an end view of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, with the welding 
head welding overlay materials to the interior surface of the 
curved pipe and the pipe support having been rotated 13 5 
degrees from the starting position shown in FIGURE 5. 

FIGURE 9 is an end view of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, with the welding 
head welding overlay materials to the interior surface of the 
curved pipe and the pipe support having been rotated 18 0 
degrees from the starting position shown in FIGURE 5. 

FIGURE 10 is an end view of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, with the welding 
head welding overlay materials to the interior surface of the 
curved pipe and the pipe support having been rotated 225 
degrees from the starting position shown in FIGURE 5. 

FIGURE 11 is an end view of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, with the welding 
head welding overlay materials to the interior surface of the 
curved pipe and the pipe support having been rotated 2 70 
degrees from the starting position shown in FIGURE 5. 

FIGURE 12 is an end view of the apparatus for 
circumferential application of materials to the interior 
surface of the curved pipe shown in FIGURE 1, with the welding 
head welding overlay materials to the interior surface of the 
curved pipe and the pipe support having been rotated 315 
degrees from the starting position shown in FIGURE 5. 

FIGURE 13 is a detailed side elevation view, in section, 
of the arm illustrated in FIGURE 1. 

FIGURE 14 is a detailed perspective view of the rotational 
drive for the pipe support illustrated in FIGURE 1. 

FIGURE 15 is a detailed perspective view of the 
longitudinal guides illustrated in FIGURE 1. 
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FIGURE 16 is a detailed perspective view of the applicator 
head illustrated in FIGURE 1. 

FIGURE 17 is a detailed perspective view of the 
longitudinal guidance system illustrated in FIGURE 1. 
5 FIGURE 18 is a detailed perspective view of movable 

members, engaged in the longitudinal guides and guided by the 
longitudinal guidance system. 

FIGURE 19 is a perspective view of one of the movable 
members illustrated in FIGURE 1. 
10 FIGURE 2 0 is a detailed perspective view of a drive 

connection for the longitudinal guidance system illustrated in 
FIGURE 18. 

FIGURE 21 is a detailed side elevation view, in section, 
of a control system for the oscillation of the applicator head, 
15 with swash plates in a first rotational position. 

FIGURE 22 is a detailed side elevation view, in section, 
of a control system for the oscillation of the applicator head, 
with swash plates in a second rotational position. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiment, an apparatus for circumferential 
application of materials to an interior surface of a curved 
pipe generally identified by reference numeral 10, will now be 
described with reference to FIGURES 1 through 22. 

25 

Referring to FIGURE 1, apparatus 10 includes a base 12 and 
a pipe support 14. Pipe support 14 has a first end 15, a 
second end 17, a cylindrical frame 16 and a central cavity 18 
adapted to receive a curved section of pipe 20. Pipe 20 has 

3 0 a first end 30, a second end 32 and an interior surface 5 0 
defining an interior passage 52 of pipe 20. Pipe support 14 
is mounted to base 12 for rotation about a rotational axis 
indicated by broken line 22. Opposed longitudinal guide tracks 
24 are positioned along central cavity 18 of pipe support 14 . 

3 5 Referring to FIGURE 15, guide tracks 24 come as a removable 
assembly. A different guide track 24 is required for each 
differing curvature of pipe. The appropriate guide track 24 
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is installed in apparatus 10 prior to use. Referring to FIGURE 
1, movable members having the form of collars 26 are secured 
to each of first end 30 and second end 32 of pipe 20. There 
are various ways to secure collars 26 to pipe 20. The manner 
5 used with the proto-type of apparatus 10 was by temporarily 
welding collars 26 to pipe 20. Referring to FIGURE 19 , collars 
2 6 are equipped with guide wheels 28 that engage opposed guide 
tracks 24 and have projecting guide pins 29. Referring to 
FIGURE 1, a guidance source 34 is adapted to move collars 2 6 
10 along opposed guide tracks 24. Referring to FIGURE 17, 
guidance source 34 includes two telescopically expandable guide 
members 35 and two spaced pairs of parallel rails 37. Each 
of guide members 35 have guide wheels 39 which engage parallel 
rails 37. Telescopic expansion and contraction of guide 
15 members is governed by a drive screw 41. Referring to FIGURE 
20, drive screw 41 is rotated by engaging it's remote end 43. 
Referring to FIGURE 18, each of guide members 35 have an 
attachment plate 45 with an opening 47. Referring to FIGURE 
18, there is illustrated the inter- relationship between collars 
20 26, guide tracks 24, and guidance source 34. Wheels 28 of 
collars 26 engage guide tracks 24. Pins 29 on one of collars 
26, engages opening 47 on attachment plate 45 of guide members 
35 of guidance source 34. A reversible drive motor 49 is 
provided which rotates a drive pulley 51 mounted at remote end 
25 43 of one of drive screws 41. Drive pulley 51 is coupled by 
belts or chains 53 with an idler pulley 55 which, in -turn is 
coupled to a drive pulley 51 for the other of drive screws 41. 

Through the described mechanism, drive motor 49 provides the 
force to rotate both drive screws 41. When drive motor 49 
30 rotates drive screws 41 in a first direction guide members 35 
expand. When drive motor 49 rotates in a second direction 
guide members 3 5 contract. Movement of guide members 3 5 is 
always in a linear direction with wheels 39 of guide members 
35 engaging rails 37. In the proto-type pulley 55 was non- 
35 rotatably fixed to base frame 12. This enabled the rotation 
of pipe support 14 to impart rotation to pulleys 51 by means 
of belts or chains 53 . This provided an advantage of enabling 
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drive screws 41 to cause guide members 3 5 to feed at a rate 
that was tied to the rotational speed of pipe support 14 and 
determined by the ratio of pulley 55 and pulleys 51 and the 
lead of drive screw 41. Variation of the feed rate could be 
5 affected by changing the ratio of pulley 55 and pulleys 51 or 
by changing drive screw 41. In the proto-type, variation of 
this rate was achieved by selectively rotating drive motor 49. 
For example, when positioning the pipe on apparatus 10 in 
preparation for welding it proved to be considerably faster to 

10 utilize drive motor 49 rather than rely upon rotation of pipe 
support 14. It must be remembered that while pipe support 14 
rotates, guidance source 34 is only capable of providing a 
linear pulling force along rails 37. Longitudinal guide rails 
24 provide an arcuate guide path which is selected to 

15 compensate for the curvature of the pipe. Referring to FIGURE 
18, opening 47 in attachment plate 45 is configured to 
compensate for the uniform angular feed of the pipe along its 
curvature, while utilizing the uniform linear feed of guide 
members 35. A different attachment plate 45 with a different 

2 0 configuration of opening 47 is required for each different 
curvature of pipe. 

Referring to FIGURE 1, an arm 36 extends into cavity 18 
of pipe support 14. An applicator head, such as welding head 

25 38 is pivotally mounted to a remote end 40 of arm 36. A 
rotational drive 42 is provided that is adapted to rotate pipe 
support 14 about rotational axis 22. Referring to FIGURE 14, 
rotational drive 42 includes a drive motor 61 which drives a 
pair of spaced driven sprockets 63 . Drive motor 61 utilizes a 

30 gear reduction unit 65. Drive motor 61 is coupled by a driven 
gear 67 and chain coupling 69 to driven sprockets 63. Driven 
sprockets 63, in turn, engage a gear sprocket 71 on pipe 
support 14 to impart a rotational force to pipe support 14 . 
An exterior housing 73 for moveable arm 3 6 extends 

35 eccentrically through gear sprocket 71. Exterior housing 73 
moves in an eccentric fashion with the rotation of gear 
sprocket 71, in a fashion that bears a resemblance to the 
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movement of a skipping rope. It should be noted that the 
internal workings and connections of moveable arm 3 6 remain 
stationary. This connection serves as part of a control 
linkage, generally indicated on FIGURES 1 through 4, by 
5 reference numeral 44, that serves to maintain the correct 
rotational positioning of arm 36 as pipe support 14 rotates. 

Referring to FIGURE 13, a flexible drive linkage 48 
extends through arm 3 6 to welding head 38. Flexible drive 

10 linkage 48 is adapted to provide control over the orientation 
of welding head 38, In most welding applications that selected 
orientation will be a vertical orientation, without regard to 
the rotational position of pipe support 14, as can seen from 
a review of FIGURES 5 through 12. Referring to FIGURE 16, it 

15 is preferred that applicator head 38 oscillate and for that 
purpose an oscillating drive 81 is provided. Referring to 
FIGURE 14, positioned at a remote end of arm 36 are a pair of 
swash plates 83 and 85. Swash plates 83 and 85 rotate with 
exterior housing 73 that covers arm 36. Swash plates 83 and 

2 0 85 are angularly offset to reflect the angular positioning of 
exterior housing 73. Referring to FIGURE 21 and 22, the 
oscillations of applicator head 38 is controlled by a movable 
sensor 87 oscillating between angularly offset rotating swash 
plates 83 and 85. As can be seen by a comparison of FIGURES 

25 21 and 22, the angular offset of swash plates 83 and 85 means 
that as they rotate the space available between them for 
oscillating movement of movable sensor 87 varies. On the 
proto-type oscillating drive 81, illustrated in FIGURE 16 was 
hydraulically operated. By creating a master to slave 

30 relationship between movable sensor 87 and oscillating drive 
81, the oscillations of applicator head 38 were made to 
duplicate the oscillations of movable sensor 87. 

The method for circumferential welding of overlay 
35 materials to an interior surface of a curved pipe will now be 
described with reference to FIGURES 1 through 22 . Apparatus 
10 is provided as illustrated in FIGURE 1. Apparatus 10 
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includes pipe support 14 having rotational axis 22. A curved 
section of pipe 20 is fitted with collars 2 6 and mounted to 
pipe support 14. Arm 36 supporting welding head 38 is 
positioned within curved section of pipe 2 0 as illustrated in 
5 FIGURE 2. Welding head 38 is moved to a selected position 
along interior surface 50 of curved section of pipe 20 by 
moving collars 2 6 along opposed guide tracks 24 using guidance 
source 34, as illustrated in FIGURES 2 through 4 and FIGURE 18. 
The welding operation is performed by rotating pipe support 14 

10 by means of rotational drive 42 as illustrated in FIGURES 5 
through 12 and FIGURE 14 . Pipe support 14 is rotated about 
rotational axis 22. Guidance source 34 provides a linear 
pulling force along rails 37- Longitudinal guide rails 24 
provide an arcuate guide path which compensates for the 

15 curvature of the pipe 20. Movement of arm 36 and applicator 
head 3 8 is coordinated with the rotation of pipe support 14 by 
a controller that has several aspects. A computer processor 
46 is provided, as part of the controller to control such 
functions as speed of rotation of pipe support 14, but the 

2 0 majority of the control functions are performed by mechanical 
control linkages. Referring to FIGURE 14, arm 36 rotates with 
pipe support 14 utilizing exterior housing 73 that moves with 
gear sprocket 71 in a fashion that resembles the movement of 
a skipping rope. A vertical positioning of applicator head 3 8 

25 during rotational movement of pipe support 14 is maintained and 
controlled by flexible linkage 48. The oscillating amplitude 
of welding head 38 is adjusted as pipe support 14 rotates to 
compensate for differences in length of curvature of the pipe. 
Referring to FIGURES 21 and 22, this is controlled through the 

30 master to slave relationship between movable sensor 87 which 
oscillates between swash plates 83, 85 and oscillator drive 81. 
The rotational speed of pipe support 14 is controlled by 
processor 46 during welding to compensate for changes in the 
rate of application of welding bead due to variations in the 

35 oscillation amplitude. Through speed control the welding bead 
can either be made substantially uniform or can be adjusted to 
leave substantially more or substantially less of a deposit at 
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specific rotational positions. 

It will be apparent to one skilled in the art that 
modifications may be made to the illustrated embodiment without 
5 departing from the spirit and scope of the invention as 
hereinafter defined in the Claims. 
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THE EMBODIMENTS OP THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

5 1. A method for circumferential application of materials to 
an interior surface of a curved pipe, comprising the steps of: 
providing a pipe support with a rotational axis; 
mounting a curved section of pipe to the pipe support ; 
positioning an arm supporting an applicator head within 
10 the curved section of pipe; 

rotating the pipe support about the rotational axis, while 
coordinating movement of the arm to maintain the applicator 
head in a working position within the curved section of pipe. 

15 2. The method as defined in Claim 1, the arm rotating with the 
pipe support . 

3. The method as defined in Claim 1 f including the further 
step of varying the rotational speed of the pipe support to 

2 0 control a rate of application. 

4. The method as defined in Claim 1, including the further 
step of oscillating the applicator head and varying the 
oscillating amplitude of the applicator head to compensate for 

25 differences in length of curvature of the pipe. 
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5. A method for circumferential application of materials to 
an interior surface of a curved pipe, comprising the steps of: 

providing a pipe support with a rotational axis; 
5 mounting a curved section of pipe to the pipe support; 

positioning an arm supporting an applicator head within 
the curved section of pipe; 

rotating the pipe support about the rotational axis, while 
coordinating movement of the arm to maintain the applicator 
10 head in a working position within the curved section of pipe; 

varying the oscillating amplitude of the applicator head 
to compensate for differences in length of curvature of the 
pipe ; and 

varying the rotational speed of the pipe support to 
15 compensate for changes in rate of application due to variations 
in the oscillation amplitude of the applicator head. 
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6. An apparatus for circumferential application of materials 
to an interior surface of a curved pipe, comprising: 

a base; 

a pipe support having a cavity adapted to receive a curved 
section of pipe, the pipe support being mounted to the base for 
rotation about a rotational axis; 

an arm extending into the cavity of the pipe support ; 

an applicator head mounted to the arm; 

a rotational drive adapted to rotate the pipe support 
about the rotational axis; 

a controller adapted to coordinate movement of the arm 
with the rotational positioning of the pipe support. 

7. The apparatus as defined in Claim 6, wherein the arm 
rotates with the pipe support. 

8. The apparatus as defined in Claim 6, wherein the controller 
coordinates the position of the applicator head with the 
rotational positioning of the pipe support. 

9. The apparatus as defined in Claim 6, wherein the pipe 
support includes longitudinal guides and guidance source 
adapted to move a curved section of pipe along the longitudinal 
guides . 

10. The apparatus as defined in Claim 9, wherein the 
longitudinal guides include guide tracks, the guide tracks 
engaging movable members which are adapted for attachment to 
a curved section of pipe, the guidance source being adapted to 
move the movable members along the longitudinal guides. 

11. The apparatus as defined in Claim 10, wherein the movable 
members have guide wheels that engage the guide tracks. 

12. The apparatus as defined in Claim 9, wherein several 
longitudinal guides are provided, each one of the several 



15 



longitudinal guides being adapted to accommodate a curved 
section of pipe having a different curvature. 

13. The apparatus as defined in Claim 9, wherein the 
5 longitudinal guidance source applies a linear pulling force and 

the longitudinal guides provide an arcuate guide path to 
compensate for a curvature of the pipe. 

14. The apparatus as defined in Claim 6, wherein the 
10 rotational drive includes a drive motor which drives a pair of 

spaced driven sprockets which engage a gear sprocket on the 
pipe support, and thereby impart a rotational force to the pipe 
support . 

15 15. The apparatus as defined in Claim 6, wherein a linkage 
extends through the arm to the applicator head, the flexible 
linkage being adapted to control orientation of the applicator 
head. 

20 16. The apparatus as defined in Claim 6, wherein the 
applicator head oscillates with an amplitude of such 
oscillations being controlled by a movable sensor oscillating 
between a pair of angularly offset rotating swash plates 
carried by the rotating pipe support, the movable sensor having 

25 a master to slave relationship with an oscillating drive for 
the applicator head. 
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17. An apparatus for circumferential application of materials 
to an interior surface of a curved pipe, comprising: 

5 a base; 

a pipe support having a cavity adapted to receive a curved 
section of pipe, the pipe support being mounted to the base for 
rotation about a rotational axis; 

an arm extending into the cavity of the pipe support; 
10 an applicator head mounted to the arm; 

a rotational drive adapted to rotate the pipe support 
about the rotational axis; 

a controller adapted to coordinate movement of the arm and 
the position of the applicator head with the rotational 
15 positioning of the pipe support; 

the pipe support having longitudinal guides, movable 
members engaging the longitudinal guides, the movable members 
being adapted for attachment to a curved section of pipe, and 
a guidance source which provides a linear pulling force to the 

2 0 movable members, thereby moving the curved section of pipe 

along the longitudinal guides, the longitudinal guides 
providing an arcuate guide path to compensate for a curvature 
of the pipe. 

25 18. The apparatus as defined in Claim 17, wherein the 
longitudinal guides include guide tracks, and movable* members 
have guide wheels that engage the guide tracks. 

19. The apparatus as defined in Claim 17, wherein several 

3 0 interchangeable longitudinal guides are provided, each one of 

the several longitudinal guides being adapted to accommodate 
a curved section of pipe having a different curvature. 

20. The apparatus as defined in Claim 17, wherein the 
3 5 rotational drive includes a drive motor which drives a pair of 

spaced driven sprockets which engage a gear sprocket on the 
pipe support, and thereby impart a rotational force to the pipe 
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support . 

21. The apparatus as defined in Claim 17, wherein a linkage 
extends through the arm to the applicator head, the flexible 

5 linkage being adapted to control orientation of the applicator 
head. 

22. The apparatus as defined in Claim 17, wherein the 
applicator head oscillates with such oscillations being 

10 controlled by a movable sensor oscillating between a pair of 
angularly offset rotating swash plates carried by the rotating 
pipe support, the movable sensor having a master to slave 
relationship with an oscillating drive for the applicator head. 

15 23. The apparatus as defined in Claim 17, wherein the arm 
rotates with the pipe support . 
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24. An apparatus for circumferential application of materials 
to an interior surface of a curved pipe, comprising: 

a base ; 

5 a pipe support having a cavity adapted to receive a curved 

section of pipe, the pipe support being mounted to the base for 
rotation about a rotational axis; 

an arm extending into the cavity of the pipe support, the 
arm being coupled for rotation with the pipe support; 
10 an oscillating applicator head mounted to the arm; 

an oscillating drive for oscillating the applicator head; 
a rotational drive adapted to rotate the pipe support 
about the rotational axis; 

a flexible control linkage adapted to coordinate movement 
15 of the applicator head with the rotational positioning of the 
pipe support and the arm, the flexible linkage being adapted 
to control orientation of the applicator head, the applicator 
head oscillating with such oscillations being controlled by a 
movable sensor oscillating between a pair of angularly offset 
20 rotating swash plates carried by the rotating pipe support, the 
movable sensor having a master to slave relationship with the 
oscillating drive for the applicator head; 

the pipe support having longitudinal guides, movable 
members engaging the longitudinal guides, the movable members 
25 being adapted for attachment to a curved section of pipe, and 
a guidance source which provides a linear pulling force to the 
movable members, thereby moving the curved section of pipe 
along the longitudinal guides, the longitudinal guides 
providing an arcuate guide path to compensate for a curvature 
3 0 of the pipe. 

25. The apparatus as defined in Claim 24, wherein the 
longitudinal guides include guide tracks, and movable members 
have guide wheels that engage the guide tracks. 

35 

26. The apparatus as defined in Claim 24, wherein several 
interchangeable longitudinal guides are provided, each one of 
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the several longitudinal guides being adapted to accommodate 
a curved section of pipe having a different curvature. 

27. The apparatus as defined in Claim 24 , wherein the 
5 rotational drive includes a drive motor which drives a pair of 
spaced driven sprockets which engage a gear sprocket on the 
pipe support, and thereby impart a rotational force to the pipe 
support . 
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28. An apparatus for circumferential application of materials 
to an interior surface of a curved pipe, comprising: 
a base; 

5 a pipe support having a cavity adapted to receive a curved 

section of pipe, the pipe support being mounted to the base for 
rotation about a rotational axis; 

an arm extending into the cavity of the pipe support, the 
arm rotating with the pipe support; 
10 an applicator head mounted to the arm; 

a rotational drive adapted to rotate the pipe support 
about the rotational axis; 

a controller adapted to coordinate movement of the 
applicator head with the rotational positioning of the pipe 
15 support and arm; 

a linear longitudinal guidance source applying a linear 
pulling force which is adapted to move the curved section of 
pipe along the cavity; 

longitudinal guides providing an arcuate guide path 
2 0 adapted to guide movement of the curved section of pipe, the 
arcuate guide path compensating for a curvature of the pipe as 
the pipe support rotates and the linear pulling force is 
exerted by the longitudinal guidance source. 
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ABSTRACT OF THE DISCLOSURE 

A method and apparatus for circumferential application 
of materials to an interior surface of a curved pipe includes 
providing a pipe support with a rotational axis. A curved 
section of pipe is mounted to the pipe support. An. arm 
supporting an applicator head is positioned within the curved 
section of pipe. The pipe support is rotated about the 
rotational axis, while coordinating movement of the arm to 
maintain the applicator head in a working position within the 
curved section of pipe. 
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